Background: To evaluate the safety and efficacy of combined chemoradiotherapy or radiotherapy alone in elderly patients with esophageal carcinoma to identify the best method of treatment. Materials and Methods: One hundred and sixteen patients with esophageal carcinoma aged 70 and older who received definitive radiotherapy or chemoradiotherapy entered the study. Overall survival (OS), disease-free survival (DFS) and treatmentrelated toxicities were assessed. Results: The median OS of the overall population was 17.9 months. For patients treated with cCRT, sCRT and radiotherapy alone, the median OS was 22.3 months, 18.0 months and 12.4 months respectively(P=0.044). Median OS for patients treated with radiotherapy dose ≥60Gy and <60Gy was 20.2 months and 10.9 months respectively (p=0.017). By univariate analysis, Chemoradiotherapy (include cCRT and sCRT) and radiotherapy dose ≥60Gy were found to achieve higher survival rates compared with radiotherapy alone and radiotherapy dose <60Gy (P=0.015, P=0.017). By multivariate analysis, chemoradiotherapy (HR=1.645, P=0.022) and radiotherapy dose ≥60Gy (HR=1.642, P=0.025) were identified as independent prognostic factors of OS. Conclusions: Definitive concurrent chemoradiotherapy could be considered as a feasible and effective treatment in esophageal carcinoma patients aged 70 and older. Radiotherapy dose 60Gy is an effective treatment option compared with standard dose radiotherapy, while higher doses are not beneficial to improve survival.
Introduction
Esophageal carcinoma (EC) is the eighth most common cancer and the sixth most common cause of cancer death worldwide (Chen et al., 2011) . In China, the morbidity of EC ranks sixth and is the fourth leading cause of cancer-related mortality (Liu et al., 2013; Yuan et al., 2014) . Squamous cell carcinoma (SCC) is the predominant histological type of EC worldwide, which accounts for >90% of all types of EC in China (Zhang, 2013) . For different types of EC, the risk increases with age, with a mean age at diagnosis of 67 years, and the incidence of SCC peaks in the seventh decade of life (Igissinov et al., 2011) . Therefore, the control of EC is an urgent issue, especially in elderly patients.
Esophagectomy remains the primary treatment for early stage EC, and a multimodal treatment with a neoadjuvant chemotherapy or a combined chemoradiotherapy followed by surgery or definitive chemoradiotherapy is recommended for locally advanced cancers (Mirinezhad et al., 2013; D'Journo et al., 2014) . However, EC patients aged >70 years old are under-represented in most randomized trials and there are lack of evidence-based strategies for the elderly population with EC. Therefore, the current retrospective study was designed to evaluate the safety and efficacy of combined chemoradiotherapy or radiotherapy alone in elderly patients with EC to identify the best method of treatment.
Materials and Methods

Patients' data
Patients' inclusion criteria included: 1) aged 70 and older, 2) histologically confirmed esophageal squamous cell carcinoma, 3) Karnofsky Performance Status (KPS) of at least 70, 4) no distinct comorbidity such as severe pulmonary disease or cardiovascular disease, with the attending physician assuring the medical status of the patient other than age, 5) had not undergone surgical resection, 6) patients or family members were contactable and clear survival status. This retrospective study was approved by our Institutional Review Board.
Tumor evaluation was based on esophagoscopy, barium esophagography, CT scan (chest and abdominal) and ultrasonography (neck and abdominal). Esophageal ultrasonography was not used routinely, therefore, it was difficult to classify T stage by CT scan only. TNM staging was defined according to the American Joint Committee on Cancer (AJCC) criteria, 6 th edition. Physician-reported hematological, esophageal and pulmonary toxicities of all eligible patients were evaluated according to the common toxicity criteria for adverse events version 3.0 (CTCAE v3.0). The most relevant treatment modalities in elderly patients remain a subject of debate and patients' treatment modality was decided on patients' choose and doctor's clinical experiments.
Radiotherapy
CT-based radiation planning and 3D conformal radiotherapy (3D-CRT) or intensity modulated radiotherapy (IMRT) were used in the patients. All patients were treated by conventional fractionation (1.8-2Gy per fraction, one fraction per day and five fractions per week). The median dose of radiation delivered was 60Gy (range 20-70Gy). The radiation parameters were as follows: 1) energy, 6 MV; 2) The gross tumor volume (GTV), including primary tumor and involved lymph nodes, the criteria of lymph node positivity on the CT scan were: short axis size ≥ 10 mm, lymph node with infiltrative margin, or central necrosis; 3) The clinical target volume (CTV) comprised GTV with 3 to 5 cm superior and inferior margins and 0.5 to 0.8 cm lateral margins and nodal risk regions. The nodal risk regions including supraclavicular, periesophageal and station 2, 4, 7 lymph nodes for upper one-third tumor, periesophageal and station 2, 4, 7 lymph nodes for middle one-third tumor, and periesophageal, station 4, 7 lymph nodes and left gastric for lower one-third tumor. Lymph node involvement descriptor were according to the MD-ATS map (Mountain et al., 1997) ; 4) The planning target volume (PTV), including a minimum of 0.5-1cm surrounding the CTV.
Chemotherapy
Fifty-six patients received concomitant chemotherapy: 13 had weekly docetaxel (40 mg̸m²) (Shen et al., 2012) , 23 had cisplatin/5-FU (2 cycles with 5-FU 400 mg̸ (m².d) at days 1-5 and cisplatin 20 mg̸ (m².d) at days 1-3) (Mirinezhad et al., 2013) , 8 had weekly carboplatin/ paclitaxel (4 courses with carboplatin 20 mg̸ (m 2 .d) and paclitaxel 75 mg/ (m²·d) at day 1), and 12 had doxifluridine (200 mg/d).
Statistical methods
Overall survival (OS) was calculated from the date of chemoradiotherapy or radiotherapy initiation until the date of death or the date of last follow-up. Progression-free survival (PFS) was calculated from the date of chemoradiotherapy or radiotherapy initiation to the date of documented failure (local recurrence or metastasis occurrence) or the date of the last follow-up for those remaining. Survival curves were determined using the Kaplan-Meier method. Prognostic factors for OS and PFS were obtained using the log-rank test and statistical significance was defined with a p-value <0.05. All prognostic factors with a p<0.2 were included for a multivariate analysis using a Cox regression. Statistical analyses were performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). DOI:http://dx.doi.org/10.7314/APJCP.2015.16.4 
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Results
Patient and tumor characteristics
Between January 2008 and January 2013, 1059 patients with EC underwent radiotherapy at the Department of Thoracic Oncology (Tianjin Cancer Hospital, Tianjin China) and 116 patients who met the inclusion criteria were included in the present study. Individuals were followed up until April 2014. The median follow-up period was 16.97 months (range, 1.77-71.56 months). Patient and tumor pretreatment characteristics are listed in Table 1 . There was no statistically significant difference in background factors between patients grouped according to treatment modality and radiotherapy dose. The median age of the patients was 76 years old (range, 70-90 years old). The prevalence of patients with comorbidities was 44.83% (52/116), including 15 patients (12.9%) had chronic obstructive pulmonary disease, 17 patients (14.7%) had diabetes, and 20 patients (17.2%) had peripheral vascular disease. None of the patients had grade 3 or 4 cardiac dysfunction (according to the NYHA grading).
Treatment characteristics
Treatment characteristics are listed in table 2. Thirtytwo patients received cCRT, 24 patients received sCRT and 60 patients received radiotherapy alone; 60 patients received RT dose >60Gy, 43 patients received 60Gy and 40 patients received <60Gy. Dose reduction for toxicity was performed in 31 patients (26.7%), including cCRT 11 patients (34.4%), sCRT 6 patients (25%) and radiotherapy alone 14 patients (23.3%); radiotherapy dose>60Gy 12 patients (33.3%), 60Gy 12 patients (30.2%) and <60Gy 9 patients (22.5%). Treatment breaks from radiotherapy were required in 29.3% (34/116) of patients due to intolerance to acute radiotherapy reactions, including cCRT 13 patients (40.6%), sCRT 7 patients (29.2%) and radiotherapy alone 14 patients (23.3%); radiotherapy dose>60Gy 12 patients (36.4%), 60Gy 14 patients (32.6%) and <60Gy 9 patients (22.5%). The median duration was 3 days (range 1-10). A chemotherapy delay of more than 1 week was required in 14 patients treated with cCRT (43.8%). Finally, the completion rate of the planned treatment was 56.3% (18/32), 58.3% (14/24) and 65% (39/60) for patients treated with cCRT, sCRT and radiotherapy alone. One patient prescribed radiation dose 60Gy performed dose reduction for acute toxicity when radiation to 48Gy and grouped to RT dose <60Gy.
Acute and late toxicity
Acute toxicity grades 3 -4 were observed in 17.2% (20/116) of patients. No patients suffered from acute grade 4 neutropenia and neutropenic fever during treatment. Acute grade 3 -4 esophagitis was identified in 25% (8/32) of the cCRT patients, 16.7% (4/24) of the sCRT patients and 13.3% (8/60) of the radiotherapy alone patients, the difference between those groups were .911, p=0.385) , and the difference on acute esophagitis between patients treated by radiotherapy dose>60Gy, 60Gy and <60Gy were not statistically significant (x 2 =1.792, p=0.408), with grade 3 -4 esophagitis 24.2% (8/33), 16.3% (7/43) and 12.5% (5/40) respectively. No patients suffered from grade 3 -4 pneumonitis. There was no late pulmonary toxicity. There were two treatment-related death (4%) in the radiotherapy alone group. Of these two treatment-related deaths, one patient (radiation dose 41.4Gy/23f, 1.8Gy/f) was due to esophageal bleeding during radiotherapy, and one (radiation dose 50.4Gy/28f, 1.8Gy/f) due to tracheoesophageal fistula at 6.3 months after the initiation of treatment.
Treatment outcomes
The median OS of the overall population was 17.9 months (95%CI, 12.829-22.982), and 1, 2 and 3 yearsoverall survival rates were 59.1%, 38.4% and 23.2%, respectively. The median PFS of the overall population was 17.9 months (95%CI, 12.829-22.982), and 1, 2 and 3 years progression-free survival rates were 61.9%, 37.9%, and 0%, respectively. For patients treated with cCRT, sCRT and radiotherapy alone, the median OS was 22.3 months (95%CI, 12.496-32.054), 18.0 months (95%CI, 11.300-24.708) and 12.4 months (95%CI, 7.007 -17.831), respectively, the difference in OS between those groups was statistically significant (χ²=6.266, p=0.044; Figure  1 ), while not different significantly in PFS between these groups (χ²=1.761, p=0.414). The OS was significantly higher in patients treated with radiotherapy dose ≥60Gy than that <60Gy (χ²=5.68, p=0.017; Figure 2) , with Figure 3 ), while the OS and PFS were not different significantly between >60Gy and 60Gy (χ²=0. 006, p=0.938; χ²=0.078, p=0.78) . The OS and PFS were significantly higher in patients treated by radiation dose ≥60Gy combined with chemotherapy than others (χ²=6.769, p=0.009, Figure 4 ; χ²=3.953, p=0.047, Figure 5 ).
Univariate and multivariate analyses
By univariate analysis (table 2) , patients treated with chemoradiotherapy (include cCRT and sCRT) were found to achieve higher survival rates compared with patients treated with radiotherapy alone, the difference between the two groups was statistically significant (p=0.015); patients treated with radiotherapy dose ≥60Gy achieved higher survival rates compared with patients treated with <60Gy, the difference was statistically significant (p=0.017). By multivariate analysis (table 3, table 4 ), chemoradiotherapy (19.0 months if treated with chemoradiotherapy vs. 12.4 months if treated with radiotherapy alone; HR=1.645, 95%CI: 1.075-2.517; p=0.022) and radiotherapy dose ≥60Gy (20.2 months if radiotherapy dose ≥60Gy vs. 10.9 months if radiotherapy dose <60Gy; HR=1.642, 95%CI: 1.065-2.530; p=0.025) were identified as independent prognostic factors of OS.
Discussion
There are still no standard therapeutic strategies for elderly patients with EC. It was previously reported that, at 70 years of age, life expectancy is >10 years (Arias, 2014) . Therefore, provided there are no major comorbidities, elderly patients with EC may benefit from curative treatment. Several studies (Kawashima et al., 1998; Tougeron et al., 2008; Uno et al., 2004) indicated that an age of 70 years did not affect the frequency of adverse events, age was not a significant prognostic risk factor for EC patients treated with chemoradiotherapy, which were in accordance with the present study. In our study, it was shown that the median OS of elderly EC patients treated with radiotherapy or chemoradiotherapy was 17.9 months, which were not so far from the results published in the literature for younger counterparts. Several important clinical trials (Bedenne et al., 2007; Stahl et al., 2009) reported median OS ranged between 13.0 and 19.3 months for EC patients below the age of 75 years old. This emphasizes the fact that chemoradiotherapy in elderly patients is feasible and it may represent an important treatment modality for the elderly as well as for younger EC patients. These results are in line with previous findings (Rochigneux et al., 2014) .
In the present study, we compared treatment outcomes between chemoradiotherapy and radiotherapy as well as radiotherapy dose ≥60Gy and <60Gy. We demonstrated that both chemoradiotherapy and radiotherapy dose ≥60Gy improved OS without a significant increase in treatment-related mortalities or toxicities. Furthermore, in multivariate analysis, chemoradiotherapy and radiotherapy dose ≥60Gy were significant prognostic factors for improved OS. This lends support to the conclusion that the combined modality is superior to radiotherapy alone, as well as radiotherapy dose ≥60Gy is superior to <60Gy. Moreover, our results showed that radiotherapy dose 60Gy improved OS statistically significant compared with radiotherapy dose <60Gy, while the difference between radiotherapy dose 60Gy and >60Gy was not statistically significant. Our study also showed that cCRT improved OS significantly compared with sCRT and radiotherapy alone. These emphasizes the fact that radiotherapy dose 60Gy is an effective treatment option for elderly EC patients while higher dose is not beneficial to improve OS, cCRT is superior to both sCRT and radiotherapy alone in terms of OS.
The National Comprehensive Cancer Network (NCCN) esophageal cancer guidelines recommend 50 or 50.4 Gy as standard radiotherapy dose for definitive chemoradiotherapy, which was based on the results of the RTOG trial 94-05 (Minsky et al., 2002) . However, several studys showed that higher dose radiotherapy improved survival compared with standard dose radiotherapy (Suh et al., 2014) , and the regimen of concurrent chemoradiotherapy with 60Gy radiotherapy in 30 fractions is widely used in Japan (Hironaka et al., 2003; Li et al., 2010; Suh et al., 2014) . The dose of radiotherapy requires further investigation. Suh et al (Suh et al., 2014) compared treatment response to concurrent chemoradiotherapy using high-dose (>60Gy, median dose 63Gy, range 60 -81Gy) versus standard-dose (<60Gy, median dose 54Gy, range 45 -59.4Gy) radiotherapy in patients with stages II -III EC, it showed that high-dose radiotherapy of 60Gy or higher with concurrent chemotherapy improved locoregional control and progression-free survival without a significant increase of treatment-related toxicity. The conclusion agreed with the present study. Nevertheless, median OS for the high-and the standard-dose groups was 28 and 18 months, respectively, and The Japan Clinical Oncology Group (JCOG) 9906 trial (Li et al., 2010) showed that for stages II -III esophageal squamous cell carcinoma treated with 60Gy radiotherapy concurrent with chemotherapy of cisplatin and 5-FU the median OS was 29 months, which showed a better prognosis than the radiotherapy dose of 60Gy in the present study. The difference in median OS could be partially explained by excluding stages IV patients and patients were treated with concurrent Several studies showed that chemoradiotherapy is an effective and safety treatment in elderly patients with EC (Nallapareddy et al., 2005; Tougeron et al., 2008; Uno et al., 2004; Xu et al., 2014) , which were in accordance with the present study, while median OS for patients treated with concurrent chemoradiotherapy in the present study was 22.3 months, which showed a better prognosis than those published in the literature. A small prospective study (Kawashima et al., 1998) of 22 patients>75 years old treated by exclusive chemoradiotherapy (50Gy and weekly cisplatin), the median OS was 15 months. D Tougeron et al (Tougeron et al., 2008) reported that 109 EC patients over 70 years treated by exclusive chemoradiotherapy (50 -55Gy and CDDP/5FU or CDDP/irinotecan) the median OS was 15.2 months. This might be partially explained by the higher RT dose used in the present study.
Concerning treatment tolerance, the difference in grade 3-4 toxicity between patients treated with chemoradiotherapy and radiotherapy alone as well as radiotherapy dose ≥60Gy and <60Gy were not statistically significant. Febrile neutropenia and nutritional status are two challenges in elderly EC patients treated with chemoradiotherapy. Thus close monitoring of nutritional status and leucocyte of these patients is necessary. Essentially medical intervention such as using nutritional supplements or enteral nutrition to keep a sufficient calories intake or relying on GCSF to prevent neutropenia is useful.
Due to its retrospective nature, our analysis suffers from limitations. Firstly, the possibility of underestimating treatment-related toxicities. Secondly, unbalance of patient characteristics between the groups. Thirdly, a median follow-up of 16.97 months is rather short to precisely evaluate OS, as well as their prognostic factors. Fourthly, dosages and cycles of chemotherapy were various according to patients. However, despite these limitations, our results suggest that definitive concurrent chemoradiotherapy could be considered as a feasible and effective treatment in EC patients aged 70 and older, radiotherapy dose 60Gy is an effective treatment option compared with standard dose radiotherapy, while higher dose is not beneficial to improve survival.
